SUMMARY Vagal stimulation induced by sham feeding in 11 healthy subjects was used to examine the possibility that the autonomic nervous system might be involved in the control of human jejunal absorption. Gastric acid secretion was measured from gastric aspirates corrected for recovery, and jejunal absorption was determined using a triple lumen perfusion technique. Sham feeding induced a significant increase in gastric acid secretion from 1.29 to 7.73 mmollh (p<002). Jejunal absorption of water decreased significantly from 41-0 to 26-8 ml/30cm/h (p<002), sodium from 2*60 to 0-74 mmol/30cm/h (p<0-05, and chloride from 2-68 to 0.74 mmol/30cm/h (p<002). During the hour after sham feeding gastric acid secretion and jejunal absorption returned towards basal values. These results suggest that vagal stimulation may have influenced jejunal absorption of salt and water in man and supports the possibility that the autonomic nervous system has a physiological role in the control of intestinal mucosal function.
The possibility that the autonomic nervous system may be involved in the control of intestinal transport of salt and water has been raised by several observations. Cholinergic agonists stimulate secretion in vitro and in vivo in the human small intestine while adrenergic agonists enhance absorption. [1] [2] [3] Cholinergic and adrenergic binding receptors have been demonstrated on intestinal epithelial cells supporting the possibility that these agonists have a physiological role in the control of epithelial function. 4 5 The influence of physiological stimulation exerted via the autonomic nervous system on transport has received little attention. In this paper we describe the effects of vagal stimulation, induced by sham feeding, on intestinal transport in normal human volunteers.
Methods

VOLUNTEERS
Eleven healthy volunteers (seven men and four women) aged between 19 and 25 years gave their informed consent for the studies. After an overnight fast the subjects were intubated with a triple lumen perfusion tube assembly as previously described.6 This tube incorporates a 10 cm mixing segment and a 30 cm test segment and the studies were carried out when the infusion port was sited at the duodenojejunal flexure. After this tube was sited a Mallinckrodt ventrol double lumen tube (FG14 or 16) was passed orally and sited in the antrum of the stomach for gastric aspiration. A fine bore infusion tube (OD 1-5 mm), welded to the gastric tube, was sited with its opening 10 cm proximal to the aspiration holes of the main tube.
The infusion rate into the jejunum was 10 ml per minute via a peristaltic pump and aspiration from the proximal collection site at 1-5 ml per minute was made by a hand held syringe. Collection from the distal aspiration site was made through a low pressure suction apparatus (1-5 kPa). Aspiration of samples from the distal port was started and finished 10 minutes later than that from the proximal port. After a 30 minute equilibration period three separate one hour collection periods were made. During the first and last hours (control and recovery periods respectively) subjects simply rested in a recumbent position. During the second hour, the sham feeding period, subjects chewed a meal consisting of 8oz of fried steak, 9 oz chips, 2 oz of peas and two slices of fruit cake with 300 ml of orange juice to rinse the mouth. Subjects were instructed to chew the food but to spit it out, before it disintegrated, into a 1147 beaker so that no food was swallowed. On all occasions the subjects had enough food to last the whole hour of this test period. Food was cooked in another part of the building so that subjects could neither see nor smell food in advance. Subjects were not told until the end of the control period that they would be asked to chew a meal.
Aspiration of gastric juice was continued throughout the whole of the three hours of the test (Figure 1) . Two subjects did not show any rise in acid output during sham feeding and a third subject developed a small rise during the recovery hour (from 0-59 to 1-37 mmolUh) Compared with the control hour, mean acid output was still significantly raised during the recovery hour (2.99±0.62, p<0.02), but this was mainly due to acid secreted within the first 15 minutes following cessation of sham feeding ( Figure   1 ).
GASTRIC ASPIRATION
The overall mean recovery of gastric secretion during sham feeding was 73*4% but in one subject recovery was only 13*3% and the mean value in the remainder was 79 4%. Compared with the control hour there was no significant difference during sham feeding in the calculated flow rate at the proximal jejunal collection site (Mean difference 4-3%). The mean pH of proximal jejunal fluid was 7 2±0-16 in the control period and 7-1±0-16 during sham feeding. In all subjects the gastric aspirate was free of food. Individual results are shown in Figure 2 and mean results in the Table. These show a small, but significant, reduction in mean water, sodium, chloride and potassium absorption during sham feeding.
During the recovery period mean water and electrolyte absorption returned towards the control values.
There was no statistical correlation between the effects of sham feeding on acid secretion and on jejunal transport, nor between the calculated mmol of gastric acid lost from the stomach and jejunal absorption. C SF R C SF R Fig. 2 In the human jejunum and ileum in vivo earlier work from our laboratory showed that cholinergic agonists reduced absorption while atropine enhanced absorption.2 These observations suggested that not only could cholinergic agonists influence transport but that some tonic cholinergic effect might have influenced basal transport which was revealed by atropine. Similar in vivo perfusion studies showed that the beta agonist isoproterenol enhanced absorption and that the beta blocker propanolol inhibited absorption providing similar evidence that adrenergic agents can influence absorption in vivo too. 3 Unfortunately these studies merely show that exogenous agonists and antagonists are capable of influencing intestinal transport but they tell us little of the potential for a physiological role for the autonomic nervous system in the control of intestinal intestinal mucosal function. The current studies are thus of some interest in this regard. Sham feeding is a well recognised method of stimulating the vagus nerve.'2 13 That it was effective in our studies was shown by the response of gastric acid secretion. Although the response was modest it was nevertheless clear cut in most individuals.
It is noteworthy that jejunal absorption of water, Despite these considerations our observations, taken together with previous studies of the influence of cholinergic agonists and antagonists, support the hypothesis that the parasympathetic division of the autonomic nervous system does influence intestinal transport under physiological conditions and may do so by a direct effect on cholinergic receptors in the epithelium.
Similar sham feeding studies in man were done by Read and Fordtran but they concluded that intestinal transport was unaffected.'4 A close examination of their data, however, revealed that in four of their seven healthy subjects and in two of their three subjects with achlorhydria absorption was reduced or secretion occurred during the sham feeding period. Thus there was a similar trend to that reported in the paper but the greatly increased absorption of one healthy subject and one with achlorhydria clearly modified the mean responses.
We conclude that as sham feeding appeared to influence jejunal absorption of salt and water in 
